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Visual cues are known to improve gait in Parkinson’s disease (PD); however, the contribution of optic flow continues to be
disputed. This study manipulated transverse line cues during two gait training interventions (6 weeks). PD subjects (N = 42)
were assigned to one of three groups: treadmill (TG), overground (OG), or control group (CG). Participants walked across
lines placed on either treadmills or 16-meter carpets, respectively. The treadmill (TG) oﬀered a reduced dynamic flow from the
environment, while lines presented on the ground (OG) emphasized optic flow related to the participant’s own displacement. Both
interventions significantly improved (and maintained through retention period) step length, thus improving walking velocity. Only
the OG improved in the TUG test, while only the TG showed hints of improving (and maintaining) motor symptoms. Since gait
improvements were found in both training groups, we conclude that by reducing optic flow, gait benefits associated with visual
cueing training can still be achieved.

1. Introduction
Individuals with Parkinson’s disease (PD) have been shown
to walk with a stooped posture, limited arm swing, slow
velocity, and small shuﬄing steps that can often lead to falls
[1]. Sensory cueing strategies such as auditory, tactile, and
visual cues have often been used to help walking in PD.
Stein and Glickstein [2] suggested that of all these modalities,
visual cues are most eﬀective in improving PD gait. It is not
clear, however, whether improvements might be the result
of improved use of optic flow, greater attention directed
towards walking, or cortically driven planning of discrete
steps that bypass the basal ganglia.
Optic flow is a prominent theory that is often put forward
to explain the benefits associated with using transverse lines.
This theory suggests that transverse lines improve walking
due to the stripes accentuating the flow of the surrounding
environment as one moves through space [3, 4]. This notion
of optic flow has been strongly supported by Azulay et al. [5]
that believe the lines emphasized optic flow which improved
gait velocity and stride length in PD participants. Optic

flow has been previously manipulated through either virtual
reality or a projected tunnel screen [6, 7], and in each case,
manipulation was presented by changing the surrounding
environment. An interesting method of manipulating visual
information from the surrounding environment is to have
people walk on a treadmill. Biomechanically, the diﬀerences
that exist between treadmill and overground walking are
negligible [8]. Interestingly, however, walking on a treadmill
allows a reduction of typical optic flow that would normally
be associated with every day walking. Song and Hidler [8]
and Frankel-Toledo et al. [9] acknowledge that subjects on
a treadmill do not receive the same optic flow as they do
when walking overground. Bello et al. [10] proposed that
gait improvements in PD treadmill walking are caused by
the subject’s ability to strategically use the distance from
the front of the treadmill as a static visual cue. Contrarily,
a study by Azulay et al. [5] used stroboscopic lighting to
suppress optic flow by transforming stripes on the floor
to static cues, resulting rather in a deterioration of gait
in PD patients. This contradicting evidence indicates that
little is known as to how much, if any, optical flow is
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needed to improve gait in PD. Thus, comparing overground
and treadmill training with identical visual cues provides
a unique opportunity to evaluate how optic flow might
contribute to gait improvements.
Fundamental to these gait deficits is the inability to
produce a normalized step length [11]. Many popular
visually guided cues have been shown to improve step length
including the inverted walking stick, projected laser beam
[12, 13], and parallel lines [14]. It has been well established
that transverse lines an inch wide or more have been best
shown to facilitate locomotion [15]. Jiang and Norman [16]
found that transverse lines assisted in the initiation of gait
in PD individuals. However, most studies that implement
transverse lines have often only conducted single sessions
[16–18]. Morris et al. [17] showed that a single cueing session
was eﬀective in regulating stride length in PD and that a
training eﬀect emerged leading to improvements two hours
after visual cues were removed. However, the potential for
long-term cue training to lead to even longer lasting benefits
to gait has yet to be studied. Interestingly, the only case
study (with an n = 1) using transverse lines as a long-term
cueing intervention revealed potential benefits [19]. Thus,
more research must explore transverse lines as a long-term
cueing therapy for Parkinson’s disease.
Unfortunately, most of the above studies failed to administer a retention assessment; hence, any persisting long-term
improvements to gait have yet to be determined. Also, an
assessment of gait transference to a more functional test
such as the timed up and go (TUG) has not been used, as
well as potential symptomatic improvements (UPDRS motor
scores). Through the administration of these tests, we can
achieve greater insight into the underlying mechanism of
improvement with the use of transverse line cues during gait.
One method of manipulating the provision of transverse
lines is to modify the context in which they are provided for
training. For example, integrating transverse line cues on a
treadmill is novel, as it provides step cues but within a more
static background. In contrast, transverse lines provided over
the length of a carpet would move past any individual relative
to the rest of the surrounding environment. Thus, our study
compared two diﬀerent methods of providing transverse
line cues: (1) traditional overground gait training (with
transverse lines) and (2) treadmill training. Our primary
outcome measure was step length, while additional measures
included UPDRS motor scores, lower limb strength gains,
TUG times, and other spatiotemporal aspects of gait. All
variables were assessed at baseline (pretest), after a 6 week
rehabilitation phase (posttest), and 6 weeks later (retention
test).

2. Methods
2.1. Subjects. The study included a total of 42 participants
that were assigned to one of three PD groups: treadmill
(TG), overground (OG), or control (CG). All participants
(recruited through a database from the Sun Life Movement
Disorders Research and Rehabilitation Centre, Wilfrid Laurier University, Canada) were diagnosed with Parkinson’s
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disease and then randomized and matched for overall, as
well as PD specific demographics (based on a prescreening
assessment).
Each participant tested was confirmed to have clinically
typical PD from at least one movement disorders neurologist. All PD patients were responsive to anti-Parkinsonian
medication and were in an optimally medicated or “on”
medication state at the time of all training and testing
sessions.
Participants were excluded from the study if they had
a past history of neurological conditions other than PD or
orthopaedic or visual disturbances that severely impaired
walking ability. Also, participants were removed if they were
unable to independently walk down an 8 meter GAITRite
carpet for a total of 10 trials. Each participant was informed
of the requirements of the study and signed institutionally
approved consent forms, according to the declaration of
Helsinki (BMJ 1991; 302: 1194).
2.2. Materials. Data was collected in two diﬀerent rooms, a
gymnasium and a laboratory measuring approximately 20 m
× 10 m and 9.5 m × 6 m, respectively. Gait data was collected
in the gymnasium on a GAITRite carpet (GAITRite, CIR
System, Inc., Clifton, NJ, USA) which measured 8 m long
× 0.92 m wide and contained sensors that provided footfall
information to an attached computer. The 30-second chair
stand and TUG test were conducted in the laboratory.
Materials needed for the two tests included a straight back
chair, a taped line 3 meters away from the chair, and a stop
watch. Two Biodex Gait Trainer 2 treadmills were used for
the treadmill group, and three 16-meter black landscaping
carpets were used for the overground group. Transverse lines
were created using white athletic tape.
2.3. Protocol
2.3.1. UPDRS Severity Score. All participants’ motor symptoms were assessed by a blinded movement disorders specialist using the UPDRS Section 3.
2.3.2. Timed Up and Go (TUG). TUG test required participants to sit in a chair and when told “go”, participants were
asked “to stand up, walk to the taped line, turn around,
and sit back in the chair as quickly and safely as possible.”
Two trials were performed and time was recorded using a
stopwatch. The purpose of the TUG was to assess functional
mobility of PD participants and track gait changes over time
[20].
2.3.3. 30-Second Chair Stand. The 30-second chair stand
required all participants to be seated in a chair and when
told “go” to rise to a full stand position and sit back down
again. This was repeated as many times as possible in a
span of 30 seconds. Two trials were performed, and the total
number of stands was recorded. This measure was used to
identify any lower limb strength gains that may result from
the intervention.
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2.3.4. GAITRite Walking. All participants were requested to
walk down an 8-meter GAITRite carpet “at a normal casual
walking speed” for a total of 5 trials. If participants needed
further explanation, they were asked to walk down the carpet
as though they were “walking down the street.” Participants
started 1 meter before the carpet and told to walk 2 steps
beyond the end of the carpet to ensure gait initiation and
termination were not processed in data collection. Footfall
information was collected to an attached computer, and the
following gait measures were obtained: gait velocity (cm/s),
cadence (steps/min), mean step length (cm), double support
time (s), step time (s), step-to-step variability, step-time
variability, and double support variability.
2.3.5. Training Protocol. Participants completed gait training
3 times a week for 6 weeks (18 sessions in total). Each gait
session spanned 30 minutes with a mandatory 2-minute
break every 8 minutes. However, participants were allowed
additional rest if necessary but were required to walk a
total of 24 minutes for the gait session to be considered
complete. All participants were “on” medication at the time
of pre-, post-, and retention testing and during training.
All training sessions were conducted at the same scheduled
time. Spotters were provided for all participants to ensure
safety. In both training groups, visual cues were provided
(on ground or treadmill) with the use of white lines (see
description below). To standardize the step length required
during training, we selected a separation between lines that
was a minimum of 8% greater than the initial step length of
any of the groups. Thus, based on previous research [12] and
also this 8% requirement, the white lines were separated by
70 cm. This ensured that from one consecutive heel strike to
the next, participants in both the overground and treadmill
group trained with an equivalent distance between cue
steps. Furthermore, in order to control for training velocity,
stepping was monitored using a timer over the distance
covered for the overground group, while velocity could be
set manually for the treadmill group. In both cases, training
velocity was based on each individuals predetermined selfpaced velocity.
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Table 1: Characteristics of the three groups.
UPDRS-M
(score)

Group

Age-M (yrs) Height-M (cm)

PD TG

63.86 (8.41) 170.97 (10.29) 23.68 (10.1)

PD OG

73.93 (6.53) 170.72 (10.22)

22.07 (8.0)

PD CG

67.43 (9.26)

24.21 (9.5)

170.15 (6.83)

Gender
8 male,
6 female
12 male,
2 female
11 male,
3 female

Note: M denotes mean, standard deviations found in brackets.

inputted by the student investigator prior to commencement
of training.
A posttest was administered six weeks after the pretest,
followed by a six week retention test. During the retention
period, participants were told to exercise no more than usual.
2.4. Statistical Analysis. Long-term eﬀects compared measurements across time placing pre-, post-, and retentiontest values in the same analysis of variance. The dependent
variables analyzed were TUG times, 30-second chair stand,
UPDRS III score, and all GAITRite measures. Step length
and step time data were further analyzed according to
more aﬀected versus less aﬀected lower limb. More aﬀected
lower limb was defined by summing left and right scores
for question 27 and 28 of the UPDRS III (leg agility and
leg tremor, resp.) and taking the greater score. However,
after finding no diﬀerences, left and right limb data was
automatically pooled by the statistical analysis software.
Also, first and last walking trials of all GAITRite measures
were taken out of the analysis to avoid any learning and
fatigue eﬀects. Analysis was carried out by STATISTICA
8.0 using a group (treadmill, overground, control) by time
(pretest, posttest, and retention test) ANOVA. An alpha
level of 0.05 was used in all analyses. A Tukey’s honest
significant diﬀerence (HSD) post hoc was further employed
to determine from where the significant diﬀerences were
driven.

3. Results
(a) Overground Group. Overground gait training required
participants to walk down equally spaced transverse lines,
presented on a 16-meter carpet. The cues were white lines of
tape equally distributed at a standardized length on the black
background carpet. Participants trained at the same walking
speed that was measured at pretest (GAITRite analysis). This
was achieved by requiring participants to completely clear
the carpet within a specified amount of time. Participants
were asked to walk across the lines, turn, and continue
back. A spotter would also assist in tracking time to ensure
participants completed the trial in the allotted time.
(b) Treadmill Group. Treadmill gait training required participants to walk on a treadmill presented with equally distributed standardized transverse white lines. All participants
walked at the speed determined at pre-test. This speed was

3.1. Baseline Comparisons. Baseline characteristics can be
seen in Table 1. Although the OG group appears to be slightly
older than TG and CG, one-way ANOVA’s were conducted
comparing all three groups for severity using the UPDRS
Section 3 height, initial velocity, step length, and TUG times
resulting in no significant diﬀerences (P = 0.81, P = 0.97,
P = 0.32, P = 0.20, P = 0.16, resp.).
3.2. Outcome Measures (For summary see Table 2). Step
length showed an overall group by time interaction (F(4,72) =
4.5338, P < 0.003), post hoc analysis confirmed that
both intervention group improved and maintained (after
the retention period), whereas the control group showed
no changes over time (Figure 1). Gait velocity also showed
an overall group by time interaction (F(4,72) = 3.7605,
P < 0.008), with the interaction being driven by a velocity
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be simply using an attentional strategy in which the cues are
used to focus ones attention on completing the required gait
sequence [17]. Alternatively, it is possible that the OG had
more opportunity to practise turns relative to the TG (since
no turns are made on a treadmill). These results provide
some important implications for rehabilitation professionals,
as turning movements have been problematic in PD and
closely linked to falling incidences and freezing episodes
[30, 31]. These eﬀects, however, did not persist past the
posttest, which could be due to the complex nature of turning
in general compared to straight walking.
In assessing symptom severity, the UPDRS motor score
displayed a trend towards a significant interaction (P =
0.06). More importantly, there is a hint of symptom improvement in the TG, while the OG and CG displayed worsening
of symptoms that often accompanies the progression of the
disease [32]. It is important to consider that the improvements in the TG may be caused by the treadmill belt
driving proprioceptive inputs [33], when the lower limbs
are actively and passively taken through the walking cycle.
Impaired proprioception has been previously reported in PD
individuals [34], and perhaps, the treadmill belt is externally
stimulating the aﬀerent inputs that may help overcome the
secondary eﬀects of the disease. Hence, future research might
also consider how external drive may be related to treadmill
training, while overground training might be more internally
driven. Animal model studies looking at treadmill training
have been shown to acutely increase dopamine release [35]
and chronically upregulate D2 receptors in the striatum of
rats [36]. The motor symptom improvement found in the
TG may similarly be the result of this overall availability and
utilization of dopamine.

5. Conclusions
The overall improvements found in the treadmill and
overground groups as compared to the control group are
indicative of the positive impact transverse lines have on
gait. However, similar step length and velocity improvements
in both training groups suggests that typical optic flow is
not necessarily required to achieve short- and/or long-term
benefits associated with PD gait training. Rather than using
optic flow information, PD participants may be using vision
as a strategy to overcome lower limb proprioceptive deficit
and/or focus attention on consciously achieving the stepping
process. Interestingly, hints of motor severity improvement
in the TG seem to be driven by additional proprioceptive
input fed by the belt, while functional tests such as the
TUG improved for those that repetitively practised turning.
The results of our study reveal that a reduced amount
of optic flow can produce similar benefits during gait
training, and clinically, the implementation of transverse
lines as a long-term cueing therapy for Parkinson’s disease
seems appropriate. Furthermore, future work should focus
on implementing visual cueing therapy during functional
aspects of walking such as gait initiation, termination, and
turning.
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